MWCNT cutting. The MWCNTs were shortened by a sonication method according to the reported literature. 1 Briefly, 50 mg MWCNTs were suspended in toluene (99.5%, Xilong Scientific) via a water bath sonication. The solution was then centrifuged at 6000 rpm (9483×g) for 10min at room temperature to remove the toluene with carbon impurities. The nanotubes were then dispersed in 40ml of heptane (97%, Sinopharm) to which 20ml of 0.5 M HCl solution was added by a ultrasonication method using a cell disruptor S-450D (Branson, tip: 1/8'') for 2min at an interval of 5s at the power of 50W. The dark aggregate was then washed twice by 40 mL milliQ-water and resuspended in 40 mL heptane. This prewashing step helps to remove most of the unknown impurities and enables the aggregate to disperse more easily. 10ml of KMnO4 (99.5%, Sinopharm) water solution (10 mg/ml) was then added to the prewashed MWCNTs suspension in 40 mL heptane. The mixture was further sonicated for 10min with the same tip and parameters. The aqueous phase was then decanted. 40 mL of 0.5 M H 2 SO4 was then added to the heptane phase and sonicated for 2min to remove the MnO 2 . Extra H 2 SO 4 was used to remove the metal impurities and then washed by milli-Q water. The whole shortening sequence was repeated twice. The shortened MWCNTs suspension was then filtered by a 0.45 μm membrane film and thoroughly rinsed by acetone. The MWCNTs were then dried in an oven overnight.
where f is the atomic form factor for T-carbon; the cubic cell has a 32-atom basis for which (x i ,y i ,z i ) are:
(1/2+a, 1/2-a, 1-a); (1/2-a, a, 1/2-a); (1-a, 1-a, a); (a, 1/2+a, 1/2+a); where a = 0.0706 is a constant.
The structure factor of T-carbon can be written as Equation S2:
( ) ( ) The phonon contribution to the Helmholtz free energy is given by:
Where and are the wave vector and band index, respectively, , is the phonon frequency at and T is the temperature. and ħ are the Boltzmann constant and the reduced Planck constant, respectively. The heat capacity C V and the entropy S at constant volume are given by:
In practical thermodynamic problems related to solids, the thermal properties need to be known at constant pressure.
They can be calculated from the previous quantities through thermodynamic relationship. The Gibbs free energy G may be written as:
where V and p are the volume and pressure, respectively, and U(V) is the total energy of electronic structure at constant volume. The right-hand side of Equation 4 means that, for each couple of T and p variables, the function inside the square brackets is minimized with respect to the volume. Then the heat capacity at constant pressure is derived from G(T, p) by:
where ( , ) is the equilibrium volume at T and p.
The computed specific heat (C p ) and entropy (S) of the graphite, diamond, CNT(6,6) and T-carbon are listed in Intensity/a.u.
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